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Abstract
The results of studies to determine the effect of titanium dioxide nanoparticles (nanoTiO2), finely dispersed anatase crystal-
line titanium dioxide (anatazTiO2) and surface-active substances (surfactants) on the compressive strength, degree of permeability 
and thermal stability of concrete samples are presented. Adding particles of nanotitanium, anatase titanium and surfactants up to 2 % 
to cement accelerates the hydration process and increases the strength of concrete, and also has a strong effect on its microstructure.
As a result of the studies, it is experimentally proved that the compressive strength of concrete increases with the addition of 
titanium dioxide (nanoTiO2) nanoparticles by 23.2 %, finely dispersed anatase crystalline titanium dioxide (anatazTiO2) by 21.7 % 
to 5 % concentration by weight.
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In addition, the introduction of these additives reduces the permeability of concrete. This is due to a decrease in the absorp-
tion of concrete by water with the addition of nanotitanium and anatase titanium. The introduction of additives from 1 % to 5 % by 
weight in concrete reduces the depth of chloride penetration by 10–15 times, compared with the control.
The use of temperature-programmed desorption mass spectrometry (TPD-MS) method has shown that an increase in the 
percentage of TiO2 nanoparticles to 5 % in concrete mixtures correlates with an increase in microporosity and dispersion level of 
these mixtures, which causes a shift in the peaks of intense gas evolution from the samples when heated to the side low temperatures 
(for example, carbon dioxide CO2).
The resulting concrete samples are planned to be used for the manufacture of floors in livestock buildings. The injected 
additives are selected because they are not toxic substances and, in contact with the biological environment of livestock buildings 
(urine, feces), will not react with them.
Keywords: concrete, nanotitanium, anatase titanium, surfactants, compressive strength, permeability, thermal properties.
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1. Introduction
The creation of materials with enhanced physical and mechanical characteristics is due 
to the improvement and development of the technology for the construction of buildings and 
structures.
Concrete coatings are used very often in livestock buildings, for road surfaces. They are 
subject to special requirements for strength and permeability.
Among semiconductors with photocatalytic properties based on oxides and sulfites, one 
can distinguish titanium dioxide (TiO2), zinc oxide (ZnO), tungsten oxide (WO3). Nevertheless, 
titanium dioxide is taken due to its high photocatalytic activity, chemical stability, and availabil-
ity. These abilities have only recently been used for concrete and products from it. In addition to 
photocatalytic activity, its mechanical properties and durability are important. Studies have been 
conducted of concrete containing TiO2 nanoparticles for paving, which describe the fatigue charac-
teristics of concrete and its susceptibility to stress. The researchers [1] show that the introduction of 
TiO2 nanoparticles into the concrete mixture increases the degree of abrasion resistance.
In our work, part of the cement was replaced by nanoparticles of titanium dioxide (nanoTiO2), 
finely divided titanium dioxide in anatase crystalline form (anatazTiO2) and surfactant, which 
made it possible to increase the strength and permeability of concrete. As nanocrystalline filler, 
titanium dioxide (TiO2) with a particle size of less than 0.5 microns and a fine crystalline filler 
titanium anatase with a particle size of 3–5 microns are used. Nanomaterials have a greater rela-
tionship between surface area and volume than other similar particles in a larger size, which makes 
nanomaterials more reactive [2, 3].
Scientific interest is due to new potential applications of particles of the order of nanome-
ters. Nanomaterials have a greater relationship between surface area and volume than other similar 
larger particles, which makes them more reactive. It is usually expected that if the volume concen-
tration of the solid is kept constant, for specific workability, replacing the cement with fine powder 
will increase the need for water due to an increase in surface area. This is more observed when 
nanoparticles are introduced into mixed (multicomponent) concrete [4].
Also, a surfactant is introduced into the concrete mixture. Alkyl trimethylamine chloride 
(surfactant) belongs to the group of disinfectants containing a quaternary ammonium salt, nonionic 
surfactant, lower alcohol complexon. The tool is used as a substitute for cyanide compounds in 
electrolytes, in humane medicine for the disinfection of surgical instruments, equipment, drying 
cabinets, rooms. Due to their ability to form a film around concrete particles, they are also a good 
filler to reduce pores in concrete and particle binding [5, 6].
Surfactants can enhance air entrainment with cement paste (air-entraining agents) with rap-
id mixing of the cement slurry, or they can be used to create pre-formed aqueous foam, and are 
later incorporated into the cement slurry. In both processes, surfactants remain in the cement paste 
and can thus affect the rheological properties and aging of the cement matrix. In addition to cement 
foams, surfactants can be used as air entrainment agents in frost-resistant concrete and as additives 
that reduce shrinkage [7].
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The tests of the samples for the permeability of chloride ions showed that the introduction of 
nanotitanium TiO2, anatase titanium and a surfactant into concrete leads to a decrease in this indi-
cator, compared to control samples. Also in the work, concrete samples with a content of 1 and 2 % 
concentration of a surfactant showed an increase in compression density by 18, 9 % and 21.7 %, 
respectively, compared with control samples.
The addition of microcrystalline fillers can also affect the dimensional stability of the ce-
ment mixture by increasing the shrinkage of the cement material. The particle size of the filler can 
be optimally selected so that the filler can increase the hydration reaction, but not significantly 
affect the dimensional stability of the cement system. The addition of small non-reactive filler to 
the cement modifies the hydration reaction mainly due to dilution, modification of particle size 
distribution, and heterogeneous nucleation [8, 9].
The binder phase of the cement mixture is formed during the reaction (hydration) of the 
Portland cement clinker with water. The main component of concrete is cement, which consists 
of 60 % calcium oxide (CaO), clay and various oxides and impurities. When water mixes with ce-
ment, a series of complex reactions begin. In traditional concrete mixtures, the main components 
of strength are calcium silicates, which react with water to form a calcium silicate hydrate gel [10]. 
There is not enough data on how TiO2 particles affect the level of carbonation in concrete, which 
was shown in this paper.
The use of temperature-programmed desorption mass spectrometry (TPD-MS) in work 
made it possible to obtain data on the effects of nanotitanium, anatase titanium, and surfac-
tants on the thermal properties of concrete samples. The introduction of additives into concrete 
mixtures gave the result of a decrease in the temperature of maximum heating of the experi-
mental samples to 520–530 °С and the prevalence of endothermic processes over exothermic 
ones [11].
It is also experimentally proved that during the heating of concrete, evaporation of water and 
other hydrated substances occurs, which leads to weight loss of the samples [12].
The priority in construction is to increase the strength of concrete. Thus, the main direction 
in the development of the physicomechanical characteristics of concrete and concrete mixtures is 
the introduction of a small amount of finely dispersed additives into the concrete mixture, which 
can increase the compressive strength of concrete. Such additives can serve as surface-active sub-
stances that affect the mobility of the concrete mixture and organic compounds.
2. Materials and Methods
The aim of research is studying the effect of additives based on titanium dioxide nanopar-
ticles (nanoTiO2), finely dispersed anatase crystalline titanium dioxide (anatazTiO2), surfactants 
(alkyl trimethylamine chloride) on strength, permeability and thermal properties.
To achieve this aim, the following objectives are solved:
– to determine the physico-mechanical properties of concrete samples with various addi-
tives (compressive strength and permeability);
– to study the effect of additives based on nanoparticles of titanium dioxide (nanoTiO2), 
finely divided titanium dioxide in anatase crystalline form (anatazTiO2), surfactants on the thermal 
properties of concrete samples.
The studies were conducted in the laboratory of architecture and engineering surveys of 
Sumy National Agrarian University (Ukraine) during 2019. For the experiment, Portland cement M 
400 Kryvyi Rih (Ukraine); river sand and crushed stone Sumy, Ukraine was used. Nanotitanium, 
titanium anatase PJSC “Sumykhimprom” (Ukraine), and a surfactant, alkyl trimethylamine chlo-
ride, were used as an additive to concrete.
Concrete mixtures were prepared with different contents of titanium dioxide nanoparticles 
TiO2 less than 0.5 microns; with a particle size of 3–5 microns – finely divided titanium dioxide 
in anatase crystalline form. Surfactants were introduced into the concrete mixture in 1 and 2 % 
concentration. A concrete mixture was prepared with replacement of cement with TiO2 particles 
from 1 to 5 wt. %. The content of all mixtures is 500 kg/m3. The proportions of the mixtures are 
presented in Table 1.
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In the laboratory, the investigated concrete samples were manufactured with dimensions of 
70×70×70 mm3, the hardening exposure was 7, 28 and 90 days. The physicomechanical properties 
of concrete studies of compressive strength were determined according to the generally accepted 
method [13].
The result of chloride ion penetration into concrete samples was evaluated by immersing 
concrete cubes from all sides, except for one in a 3 % NaCl solution for 28 days. After that, the 
samples were destroyed and silver was sprayed with 0.1 % nitrate solution to determine the depth 
of chloride penetration [14]. These depths were defined as points in samples where free chlorides 
exceeded 0.15 % by weight of cement. Chlorides reacted with a solution of silver nitrate (AgNO3) 
0.1 % to form a white precipitate of silver chloride (AgCl). The absence or limited presence of free 
chloride was expressed by a brown precipitate of silver oxide (AgO), resulting from the reaction of 
a solution of AgNO3 and hydroxides in concrete samples.
To study the thermal properties of concrete samples, let’s use a thermal programmed mass 
spectrometry (TPD-MS) unit, which consists of a high-temperature furnace and a MX-7304 gas 
mass spectrometer (SELMI OJSC, Sumy, Ukraine). Samples weighing 3 mg were taken for the 
experiment. The technical details of the experiment are presented in detail in [15].
Peaks of temperature, the rate of heating of the sample, weight loss, and ions with molecular 
masses (m/z) isolated in this case were recorded: 2 – hydrogen; 16 – oxygen; 18 – water; 28 – carbon 
monoxide (CO) and 44 – carbon dioxide (CO2).
Fig. 5–7 show the curves of the result of thermal analysis for experimental concrete sam-
ples with the addition of titanium dioxide nanoparticles TiO2 less than 0.5 μm; with a particle size 
of 3-5 microns – finely divided titanium dioxide in anatase crystalline form. Surfactants were 
introduced into the concrete mixture in 1 and 2 % concentration. On the temperature curves, an 
endothermic process of the loss of water molecules at a temperature of from 300 °C to 420 °C is 
observed. At temperatures from 420 °C to 720 °C, the process is endothermic due to the disso-
ciation of carbonates.
3. Results
3. 1. Research results of the compressive strength and penetration of chloride into 
concrete
Table 2 shows the results of testing the compressive strength of concrete samples on the 7th, 
28th and 90th day of hardening. The data obtained show that the compressive strength increases 
with the addition of additives in 1 % concentration of titanium dioxide nanoparticles by 18.4 %; 
finely divided titanium dioxide in anatase crystalline form – by 16.5 %, compared with the control.
When the admixture is increased to 5 %, the strength of concrete samples decreases, 
however, the performance is still higher in comparison with the control concrete mix without 
additives (Table 2).
The strength of samples containing 2 % nanoparticles of titanium dioxide (nanoTiO2) in-
creases by 23.2 %, finely divided titanium dioxide in anatase crystalline form (anatazTiO2) – by 
21.7 %, respectively.
Probably, a decrease in the strength of 5 % concrete is associated with an excess of the 
amount of titanium particles necessary to fill the pores of the concrete. Also, a larger percent-
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age of titanium dioxide nanoparticles than 2.0 % reduces the compressive strength due to a 
decrease in hydrated lime content. And this leads to a lack of strength. As a result of the high 
reactivity of titanium dioxide nanoparticles, there is a rapid consumption of crystalline calci-
um hydroxide, which is formed during the hydration of Portland cement in the early stages of 
hardening. As a result, cement hydration is accelerated, and large volumes of reaction products 
are formed.
Table 2
Assessment of compressive strength of concrete samples
Samples %
Compressive strength (МРа)
7 days 28 days 90 days
TiO2 
nanotitanium
0 16,0 42,6 61,2
1 20,5 50,2 72,5
2 23,6 56,4 75,4
5 24,5 57,3 70,8
TiO2 
Titanium anatase
1 22,3 49,5 71,3
2 24,5 53,6 74,5
5 21,5 52,9 69,6
Surfactant
1 18,5 43,5 72,8
2 21,6 45,3 74,5
Concrete samples containing 1 and 2 % surfactant concentration show an increase in com-
pression density by 18.9 % and 21.7 %, respectively, compared to control samples. This process 
occurs due to a decrease in the volume of large pores.
To confirm the improvement of the strength properties of concrete, an experiment is con-
ducted on the permeability of concrete with various additives. The depths of chloride penetration 
into the samples are calculated after 28 days of immersion in 5 % NaCl solution (Fig. 1). The results 
show that in the control samples of concrete there is enhanced chloride penetration, compared with 
the experimental ones.
Fig. 1. The penetration depth of chlorides in concrete samples, with an exposure of 0–72 hours
For control mixtures of concrete without additives, the penetration depth is 17.9 %. When a 
nanodispersed additive of titanium dioxide is introduced into concrete from 1 % to 5 %, the chlo-
ride penetration depth decreases to 3.0 mm, respectively.
The addition of anatase titanium to the concrete mixture, depending on the concentration, 
changes the degree of chloride penetration at various exposures (Fig. 2).
The addition of a small-crystalline admixture of titanium anatase to concrete in the range of 
1 % to 5 %, the absorption depth of a 3 % NaCl solution stops at around 2.6–4.2 mm, respectively. 
So, thanks to additives, the formed structure has discontinuous pores and significantly reduces the 



































Fig. 2. The penetration depth of chlorides in concrete samples, with an exposure of 0–72 hours
In previous experiments, it is proved that the introduction of a surfactant into a concrete 
mixture changes its thermal properties. Determination of technical characteristics, such as sample 
permeability, is presented in Fig. 3.
Fig. 3. The penetration depth of chlorides into concrete samples, with an exposure of 0–72 hours
Surfactant (alkyl trimethylamine chloride) in experimental samples is used as a binder, 
based on its ability to form a nanofilm around concrete crystals when mixing concrete mass. A 
decrease in the permeability of the studied samples for chlorides is associated with an increase in 
the density of the sample.
According to the research conducted by scientists, the fact of the destruction of the concrete 
microstructure over time has been proved. Changes in the permeability of concrete samples of 
different ages are presented in Fig. 4.
Fig. 4. The penetration depth of chlorides in concrete samples, with an exposure of 0–72 hours
Compared with control samples of 28 days of hardening, concrete with a life of 1 year and 
20 years has a penetration depth for chlorides with an exposure of 72 hours of 22.4–19.8 mm. For 
concrete mixtures without additives, 0 % penetration depth is 17.9 mm.
The study of the properties of concrete with additives: nanocrystalline, small crystalline and 
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3. 2. Results of temperature programmed mass spectrometry (TPD-MS) of concrete 
samples
Using the TPD-MS method to predict the direction and intensity of the effect of finely dis-
persed additives and surfactants on the fracture temperature of concrete samples (Fig. 5–7).
Fig. 5. Thermograms of CO2 emission/elimination (m/z=44) by thermal decomposition of a sample
Fig. 5 shows the thermograms of fracture of concrete samples with the addition of TiO2 
nanotitanium. The time and temperature of decomposition of the samples are recorded depending 
on the release of carbon monoxide CO and carbon dioxide CO2, as well as the evaporation of water 
molecules. The stronger the concrete sample, the less time and temperature of heating the sample 
at which it loses water and carbon monoxide. According to these data, thermograms are built. 
Concrete enriched with nanotitanium of 1–2 % concentration begins to emit carbon monoxide at 
a temperature of 520 °C. The maximum clearly defined intense peak of heating a concrete sample 
with the addition of 5 % nanotitanium is 520–530 °С. However, in comparison with other samples, 
it quickly heats up and cools, its peak decreases almost immediately. At temperatures from 420 to 
520 °C, peaks are observed when heating experimental concrete samples due to dehydroxylation of 
concrete, combustion of organic substances and decomposition reaction.
At the same time, a control sample of concrete begins to emit carbon dioxide at temperatures 
starting from 550 °C, which is caused by a looser structure. The content of nanocrystalline aggre-
gates in the concrete leads to a decrease in the temperature of CO2 emission – the curve tends to 
the left, to lower temperatures. The control sample contains only coarse-grained additives, which 
take longer to heat up, the porosity of the sample is higher, and accordingly, the water molecules 
contained in micropores evaporate longer. The detail investigation of given in the Fig. 5 curves of 
the dependences of the yield of CO and CO2 from the samples on temperature reflect a pronounced 
tendency to shift the maximum yield of gaseous substances in the direction of increase in the 
heating temperature depending on the presence of impurities in the sample. Based on the obtained 
results, it can be concluded that concrete samples containing nanotitanium in their composition had 
a higher density compared to the control ones.
Fig. 6 shows a thermogram of heating concrete samples with the addition of anatase titani-
um with a particle size of 3–5 microns.




































































The heating range of samples of 1–2 % anatase is in the range 420–520 °C. Concrete with 
5 % anatase does not give a clear peak at 520 °C. The thermogram of the control sample is in a 
higher temperature range of 560–580 °C, the process is endothermic due to the dissociation of 
carbonates. In control samples, organic substances are burned, water is removed due to dehydrox-
ylation and decomposition of carbonates, but at higher temperatures, in comparison with experi-
mental ones.
In the following experimental samples, alkyl trimethylamine chloride, which contains a 
quaternary ammonium salt, a nonionic surfactant, is used as a binder (Fig. 7).
Fig. 7. Thermograms of CO2 emission/elimination (m/z=44) by thermal decomposition of  
a sample
As a result of the experiment, it is found that the incandescent temperature of samples with 
the addition of a surfactant of 2 % is 490 °C, and that of a surfactant of 1 % is 520 °C. The moment 
of maximum incandescence, at which concrete samples lose carbon monoxide and dioxide, as well 
as mass spectrometer. An increase in the percentage of surfactant to concrete reduces the time and 
temperature of heating the sample. It is possible that surfactants fill most of the caverns and spaces 
in concrete. As a result, the test samples have a smaller diameter of the caverns, in comparison with 
the control.
In the process of applying the TPD-MS method in the temperature range 300–720 °C, hy-
drated products are dehydrated and weight was lost in concrete samples (Table 3).
Table 3
Results of weight loss by concrete samples during glowing at a temperature of 300–720 °C
Samples % The initial weight of the sample, mg
The final weight of 
the sample, mg Weight loss, %
TiO2 
nanotitanium
0 3,0 2,52 16,0
1 3,0 2,67 11,0
2 3,0 2,73 9,0
5 3,0 2,75 8,3
TiO2 
Titanium anatase
1 3,0 2,65 11,6
2 3,0 2,70 10,0
5 3,0 2,74 8,7
Surfactant
1 3,0 2,68 10,6
2 3,0 2,76 8,0
The results show that after concrete is heated, water and other substances evaporate, 
which leads to weight loss of the samples. An increase in weight loss is diametrically oppo-
site to the amount of TiO2 nanoparticles introduced into concrete up to 5 % and surfactant 




































An increase in the percentage of TiO2 and titanium nanoparticles in anatase form up to 5 %; 
surfactants up to 2 % in concrete mixtures accelerate peak load times and remove heat. Based on 
the results obtained, it can be concluded that the experimental concrete samples had a higher den-
sity compared to the control.
4. Discussion
The use of concrete in construction provides reliable and durable operation of the structure, 
but for such conditions of operation of the object, it is necessary to obtain concrete with the neces-
sary characteristics [16].
The results of testing the physicomechanical properties of concrete samples on the 7th, 28th, 
and 90th day of hardening with the addition of titanium dioxide nanoparticles (nanoTiO2) and fine-
ly dispersed titanium dioxide in anatase crystalline form (anatazTiO2) at 1 and 2 % concentration 
show a significant increase in compressive strength. The strength of concrete samples decreases 
when the additive is increased to 5 %.
A decrease in the penetration depth of chlorides occurs due to a decrease in water absorption 
in concrete due to the introduction of additives that caused compaction of the samples. When a nan-
odispersed additive of titanium dioxide is introduced into concrete from 1 % to 5 %, the chloride 
penetration depth decreased to 3.0 mm, respectively. The addition of a small-crystalline anatase 
titanium additive to concrete in the range of 1 % to 5 %, the depth of absorption of a 3 % NaCl solu-
tion stopped at around 2.6–4.2 mm. So, thanks to additives, the formed structure has discontinuous 
pores and significantly reduces the penetration of chlorides into the samples.
The authors of [17] give another point of view on the mechanism of the influence of mineral 
fillers on the strength of cement concrete. Its essence lies in the fact that finely dispersed fillers 
affect the differential porosity of cement stone, characterized by the different sizes of pores and the 
heterogeneity of their distribution in volume.
Along with this, the researchers [18] argue that with a high degree of filling, after reaching 
its maximum, concrete strength decreases despite a continued decrease in the porosity of cement 
stone, due to a deterioration in the adhesion of the filled cement stone to the aggregate.
Concrete with additives is made according to the requirements for production, taking into 
account the temperature, humidity and exposure to hardening.
However, during operation in livestock buildings under the influence of constant humidity, 
concentrated acids and alkalis, destruction of the concrete surface may occur, despite the added ad-
ditives. Also, when using concrete for road surfaces, temperature extremes, the use of salt and the 
uneven load of heavy equipment can cause cracking. Therefore, in conditions of increasing loads 
on concrete, it is necessary to take into account the decrease in the expected service life.
The application of the method of temperature-programmed desorption mass spectrometry 
(TPD-MS) proves that an increase in the percentage of TiO2 nanoparticles to 5 % in concrete 
mixtures accelerates the heating of samples at lower temperatures, which indicates an increase 
in strength.
According to studies on the thermogram of a Portland cement stone of normal hardening, 
three main endothermic effects are identified, caused by the removal of adsorption water from the 
gel-like hydration products and crystalline hydrated water from calcium hydrosulfoaluminate (up 
to 300 °C), as well as the dehydration of Portlandite – Ca(OH)2 (300–580 °C) and dissociation of 
CaCO3 (580–720 °C).
The TPD-MS method is for the most part qualitative and can’t provide absolutely accurate 
digital data. The whole reason is the chemical differences between concretes and the low content of 
carbonates in them (carbon monoxide CO and carbon dioxide CO2). Therefore, comparing concrete 
with a different composition and interpreting the results obtained is a complex process. All tested 
concrete samples are equal to the control. Peaks of emission of carbon ions are taken for reliable, 
provided that they exceed the background by 15–20 %.
After concrete is heated, water and other substances evaporate, which leads to weight loss 
of the samples. Regular concrete loses after glowing 16 % of its original weight. With an increase 
in the concentration of introduced TiO2 nanoparticles into concrete up to 5 % and surfactant 
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up to 2 %, weight loss decreases almost twice. Conventional concrete contains more hydration 
products that evaporate during heating, and the sample significantly loses its original weight.
Thus, the use of additives based on titanium dioxide nanoparticles (nanoTiO2), finely dis-
persed anatase crystalline titanium dioxide (anatazTiO2), surfactants (alkyl trimethylamine chlo-
ride) can increase the density of the structure, and, as a result, the strength, durability and resis-
tance of concrete in aggressive operating conditions.
It should be noted that adsorbing on cement grains and the surface of hydrated new forma-
tions, surfactants manifest themselves not only as plasticizers, but also as hardening inhibitors.
Slowing down of hardening and structure formation in the presence of most surfactant ad-
ditives occurs as a result of a decrease in water diffusion through the adsorption shell. The rate 
of cement hydration in the presence of a surfactant depends on the chemical composition of the 
additive and its concentration.
It is also known that most organic additives, ensuring the achievement of high rheological 
and technological effects, slow down the hardening process of cement and monomineral systems 
for a certain time. However, the dispersing effect of organic additives helps to accelerate hydration 
and hardening, since disaggregated binder particles begin to actively interact with the liquid phase, 
thereby accelerating the hardening kinetics and, in many cases, providing a significant increase in 
strength in the later stages. Moreover, for cement systems filled with finely dispersed mineral ad-
ditives, there is no retardation of hardening, since the nature, and, consequently, the mechanism of 
the activating effect of mineral additives is fundamentally different from the mechanism of action 
of organic additives [19].
The need to search for new additives is determined by the selective nature of their modify-
ing effect, which depends not only on the chemical composition of the additives, but also on the 
chemical and mineralogical composition of cement, and the fineness of its grinding. The magni-
tude of the modifying effect of many additives also depends on the specific consumption of cement 
in the concrete mix, the content and type of mineral additives, the water-cement ratio and the heat 
treatment regimes.
In modern construction, concrete is one of the main structural materials, the production 
level of which is constantly increasing [20]. Modern research methods and the development of 
advanced technologies, including nanotechnology, allow to directionally affect the structure and 
properties of cement mortars and concretes and obtain materials with high technological and phys-
ico-technical parameters.
The prospect of further research is to conduct temperature programmed mass spectrometry 
(TPD-MS) and to study the permeability of concrete samples with microadditives after a year or 
more, in comparison with existing samples in real time.
5. Conclusions
It is experimentally proved that concrete samples containing up to 5 % nanotitanium and 
anatase titanium show an increase in compression density compared to control samples by 23.2 
and 21.7 %, respectively. Concrete samples containing 1 and 2 % surfactant concentration also had 
a higher compression density of 18.9 % and 21.7 %, respectively.
The use of temperature-programmed desorption mass spectrometry (TPD-MS) has 
proved that increasing the percentage of TiO2 nanoparticles to 5 % in concrete mixtures ac-
celerates the heating time at lower temperatures and proves the increase in the strength of 
experimental samples.
The addition of titanium dioxide (nanoTiO2), finely dispersed anatase crystalline titanium 
dioxide (anatazTiO2) and surfactants reduces the permeability of concrete samples for chlorine ions 
by up to 10 %.
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